P2003, 0926 WO H 



Description 




15 digitised and inultiplied by one another. After the 
multiplication, the ixistantaneous electrical po-vv^er is 
provided. If 'chis electrical pover is integrated or 
accumulated over c..-tr>e, a signal is obtained which is a 
measure of the electrical energy generated or consumed in & 

20 specif is period of time. 

In oror.r r.c c.br:^;in signals which are proportional co 
elec'viri-al ■---.vlv. and to electx"XC'^l current, voltage 

div•i■■.^^r.:■i^.. vol t ran;:- formers ,. ■--■.:rrer:t trans forTTsers or 

25 ot-her means for coupling out signals can be used. 

In many applications it is necessary to provide DC 
isolation ac learnt in oxie of the two channels for --^eneccing 
voltage cuv3 currf-.nt. Such a DC isolation ol the c.;,iCui-;.3 a-V: 
30 provided by a transf orn-er , for exartiple. 

One problen! wi-h such transformers, however, is ohs phase 
sniiL. caused by Che inductive coupling of the crancf or;ren , 

35 and ^;.he input aignal of the transtorn-ier , Secondly,, r he 
phase shift also results between the signal representing 
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f- ^ c t \ t^c^ «rd Te t i 
c '"O V fec^ J o ta-ce ca >^ t ^ q *~ ^ c 

c«-^ r>s '-e r c pre ei*- i ht, ^ 

or lesB naxrnonxc siqnal snap-e. 



ex, r ■^'^ etAc k i„h 



xated tolerances 



no I, so-ivea i>y ctiis 



25 The ::ibjeci: of the preserit invention is to provide an energy 
c;>nK^;rnpl-. ion raeter arrangsa>ent which can be Intearav.e.d vn.tVi 
Mf.ti& :;oiTipIe-xiLy and with which the voltage and/or nhe 
currenc ca;- be d8te.cced with DC isolation, without 
sr;&a;i;ureiT;ent errors resulting, 

3 0 

Th^z :b;:;--" i ^' a-vhx&ved according r.o t:h--:v ■..nve.ct ;' on by 
■■;^ne.-;gy c-/;-.r.:,s\.;:r;yu .:.cri. metier arrangement , hay/i n;..- 

a first input for feeding a signal derived from a 
vol cage, to which first input a first analog- to- 
35 ^ f-^n- <• / 1 e.' >.,o"neo^od .^c ^ o f j.; 

feeding a signal derived from a current, ■ivnich 
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second inp-at a aecond analog-to-digital converter is 
connected, 

a jftiiitiglier:, which doir^ines the outputs o| the two 
analog "to- digital converters with one another^ 

evaluation block having two inpiitB:, which are 
to the first and the second input of the 
energy Gonsuinption meter arrangement for the 
of Ttjfiasuring a phase difference, and having ari 
which is coupled to a phase correct: ion block, and 
the phase correction, block, which is coupled to an 
Gutp\;.t c-f one of the two analog- ^.o- digital converters.. 
desi-;:nec .^r rc rrecting the phase difference of the 
digic:iz&a sigr.al derived from a current or a voltage. 

with rhe proposed principle, a phase shifc 
bet.\v-2en ^he input of the energy consujrspt ion meter 
arranc-?rrent , to which a signal derived from an electrical 
voltage is fed, and that input of the energy coneuniption 
n-ieter arrangement to which a signal derived from an 
20 elecrrica-1 curre-.t .is fea 1." detectoc; cr^npe-r.^a; ed for. 

Th-^ fcinri?! iupv-.t-y fox feedu.g iA"j a- ; v;;.'./, du..:.vcd frox the 
-'-d:. r -^cfr ar.d the r-ignal cxriveo rriiitr c.rrc^r rrsy als-c r^-- 

::&-:erred to as Input: chaunels,- na5r;ely tne volcage channs;! 
and the current channel , 

25 

i i: .is advantageously possible Vv'it.h tho- prop:".;.---eG :^\easureT:er:t 
and coiipensation of the phase shift between the two 
c.h,an.nels to DC-i.soiate the channels fror;. one another and/or 
at least one input from the energy consujuption n^eter 
30 arrangement. Owing to the coTapensation of the phase shift, 

caive, v-c oxternal cotnpensatio.a ne,v.vvO:;ks £..:Lth as 
resA stance/ capacitance networks are cidvantageously requ.i reo 
tor phase-shifting piirpcses. 

3S 

The phase evaluation block and the pha6=e correction block 
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correction of the energy consuinption meter 
vv*ithout any external ccampanentg. 

For example, the pfeasie difference between the two ihput 
S channels can, be tneas-urea in a calibration operating mods by 
an ideintlcal input signai feeing appliec^ to the two inputs, 
A sinusoidal signal is preferably applied to the two inputs 
of the energy consumption m^ter arranaemsrit in the 
calibration operating ^iode, 

10 

In this case, th© zero crossings of the tv 
example J can advantageously be compared 
evaluation block. It is thus possible to 
relatiye time interyal between the sero 

IS calculation of the: phase difference from th* 

of the sero crossings of the two signals can advantageously 
be brought about, for example, by means of a logic unit in 
the phase evaluation block. It Is then 
using the determined phase difference to carry out 

20 correction o£ precisely this phase difference in one of 




the phase evaluation > 



.A;v -resu.!^: of "ha fact", thac no external cjiVipcrvenL-.si are 
required for the phase correction, the irf-plamentation of 
3 0 the proposed 'snergy consumption meter arrange-Tent is 
advant 3oec-u3.I y- possible in a very cc>3t--v.i i;ec^:.i ve rLi--rnr;er. 

^ : , '^^;.s"Tp^ ;c-^. ret _ i^,..-- - ^ ^' . . -van 
.cs i vu-'jar^^Lv-d A.S Lherefore particul-irly v.;ell suiv.e-.-.; --.^vss 
production, 

35 

An additional advantage is provided by the fact 'chat the 
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arrangesnent oil the basis of the proposed principle Is 
particularly low. In principle, i:ne phase difference 
between the tv^o input channels can be deteririined within 
only one period of the input signal. The period can this 
S case toe calculated in a simple manner fror. the Inverse 
value of: the respective signal ire" .~r--\ . The signal 
freguency in the case of energy cor-^.^x;--: ,->n n^eters is 
generally SO hertz or 6Q hertz, depending on the: national 
St andardi za t i on , 

10 

n ^ ^ ^^t- * propo~.ed c i-^ v, i a — 

~e ocw ee-* thr* rput sic;, c^^s ^ ^ ^ q-^qio 

^ rev,er a*,s;ancen<_"t, a*- uh ar<i- ^^f^^it t _ 

*~o-^ o_ s^cnau-s, s det v. ea On o^^«^ "aid, tic 

IS n ^so fc.>rc^ is coxr_cted in ^ e aoi^caii of tn^^* aigita- 
sicjial v.;::.cce&o "q, _ e <*fte_ tic a-^<?^c^ tc a^g^tc 
conversion ot the xnnut signals. 

rapid detertnination of the 



r 



r the crcra*'-.^'^ c"" '=""'^-Sy 

ck advantagsoutoly con^prises means 
a phase correct ion value. The means 
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t'he- energy consumption 



of the input signals to be fed 
block, it is advantageous to 
each case one lisrsicing amplifier which couples 
input and v,h8 second input of the energy 
to associated inputs of the 

evaiuation block, 
10, 

The analog- to-digital converters are advantageously each in 
the form of sigrua -delca converters or in the form of sigma- 
delta iTiodulators . As a result, it is possible to sample the 
input s:.gnaIo derived frotti the voltage e.nn c\rrrej-?; w.^ a 
IS high degree of resolution and with good integrabllity . 

Ari integrator which integrates the signal provided by the 

multiplier is advantageously prov:.ded at the ou'cput of the 

tr.ultiplier. The integrator can advantageously be in the 
2 0 form of an aeousnul at or . 

The integrator is advantageously designed such thai: .i.c 
integrates the signal, which is proviaed by the iT;ul ipl :i. er 
and repr^-aente the instantaneous elecv.rica.1 power, c.o forrr. 
25 a signal vdiich is a measure of che consuiiied or generated 
electrdcal energy. 

Further preferably, the first and the second analog- to - 
digital converters , the phase correction block; and the 
30 phase evaluation block are designed using integrated 
circuit technology. The limiting amplifiers, the sigma- 
delta converters and further functional blocks and/or 
^ " ^- che el ,;na: ■■ proof Dsir.o chai 

.i.ctoj; .jirra..a©.r.cnt. ^..^.p . 
15 advantageously be designed using inteoral ^ j 

techrjology . The energy consurnption raeter e.-"- - ' 
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iy be implemented in 
semi conduct or circuit. 



single integrated 



The output of a transfer arrangement, which brings about DC 
isolation, can ad^^antageously be connected to the first 
o£ the enev^Y consumption sneter drrangeraent and/or to 
the second input of the energy cons 
nonconductive transfs 
ly be a transformer. 




great 

which bring about DC isolati-n -r^ v'- - ^ , ran 
be compsnsated for in a particularly siinple and ei'l.ective 
as vs'ell as highly accurate manner using the proposed 
IS principle, 

A ineans for generating a test signal is preferably provided 
which is coupled co the first and the second input of the 
energy coxisurnption •r:.et -3r ar raiigetnent , 

20 

If coupling-- in eiernents are provided, such as trans forrcier- 
based transfer arrance;r!ents , the rr.eans for ^eiieratin-q the 
test signal is advantageously designed i^rach; v. hat the ivest 
signal is fed in at the input of che r:ransfer -irrangernenr. 
25 or coupling-in e 1 ernes i: . In uhi.~ case. it rriay be 
advantageous to ^lake it poss-bie for the ispuus Co be 
sv;lc.ched over be::ween a useful signal operating vaode and a 
calibration operating mode, in which the inputs are 
connected tc ivhe r^'^eana for generacing the cost signal. 

3 0 

The ;-.:;eacs fo;: gsnerat:ing the test signai ca,;. ss\-aAtaa?:o--:: .lOi y 
be activated in a Gaiihration operating rriode, lArhereas it 
can be deactivated in the norniai operating mode, i.e. 
during actual energy uieasurement operation. 



35 
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Furtb^er details and advaBitagepus refinements o£ the 
proposed px\tnciple :®re tfe Subject matter of the dependent 
claims:.. 



5 The invention will be explained in more detail below usma 
an exemplary embodiinent with reference to the figure ^ in 
which: 



the figure shows a block circuit diagrarti of an exetnpla3?y 
IQ eiribodi.ment of the proposed energy consuttvption 

iTieter arrangement . 



The figure shows axi energy consurr.pt r on meter arrangetrse-nt 
having a first input 1 and a second input 2 . The first 

IB input i is designed for feeding a signasl derived frofr, an 
electrical voltaqe V, The second input 2 la designed for 
feeding a signal derived from an electrical c..rrrent I- In 
this case,, the electrical voltage V and rhe electrical 
current U ara based on the same signal . The lnp;.t". of a 

2Q; first a nal og - 1 o - dig i t a 1 converter 3 is connected to the 
first input 1. The input of a second analog" to-digital 
converter <i is connected to the. -second inpur. 2 . The ana.log - 
to-digi cal converters .3, 4 are each in the for;!^ of sigrna- 
delta r:;c:ral Br.cre . The output of the first ana.icg-r:o--diqitaI 

■25 converter 3 is connected; to the input of a multiplier 7 via 
a first digital filter 5, The output of the second analog- 
to- digital converter 4 is connected to a further input of 
the multiplier 7 via a second digital filter € , The second 
digital filter 6 comprises a phase correction block. An 

:3Q Integrator 3 is connected to che output 0:f the multiplier 7 
and converts a signal, which is applied to its input and is 
a rneaaure of the instantaneous electrical pc-.-er P,- iv-to a 
signal wnich repreBents the electrical energy S. 
FurcherrnorS; a phase evaluation block 3 having a first 

35 input and a second input is provided. The first input and 
-he ^-rerond r.apu': , 1 of tl:a energy -c. a.^unv.^- a o-s mo*.- 
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evaluation block 9 by in each case one liKiiting amplifier 
10, 11. 

The phase evaluation block 9 comprises a nonvolatile memory 
5 17, in which the measursd phase <aifference or the 
associated correction value Ci^n be permanently stored. 

In order to couple out the electrical voltage, a vol tags 
divider 12 is provided, whose; output is connected to the 

10 first input of the energy consumption meter arrangsinent , 
and whose input forms a voltage input 12 for feeding the 
elactrical voltage. In order to couple out the s;Ie-trlcal 
currant, a transformsr 14 is provided which is connected 
between a current input IS and the sscond inpu;. r \.he 

15 energy consumption weter arrangement. The tranator^r.er 14 
provides PC isolation between the current input IS and the 
second input 2. 

The output of a test signal gen^;r r.^.;-r is connected to 
2Q. the voitage input 13 and the currer.t input IS. The re£?t 
signal generator 16 provides & harmonic, for exatnple 
sinusoidal signal having a rated fre^^uency of SO or 
60 hercz. 

2B Owing to the voltage divider 12 and the transformer 14, 
difiierent phase shirts result for the two input channels of 
?:hs energy consumption riieter. Of particular s : gni i .i cance is 
th^ relative phase difference tip betv;een the tv^o ::,nput 
channels at che inputs 1, 2 of the energy consunption meter 

3Q i t .'■'ose difference is deterr.ined by the 

phi^sti: "v-^ilu^i^'tion block 9, This tahes place ir^ ? c^i ibra^. Ice 
operating mode owing to the fact that the test signal 
generator IS is activated and, as a r&sult, fee-is m xn 
each case one in- phase, sinusoidal signal at the voltage 

3 5 inpu-c 13 and the current input 15- This signal experiences 
a 1 - - ^v, 0 _ 1- " -g-"" v_-'-c^i . 1 the 
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The relative phase difference &a> at the inputs If 2. is 
deterTnir:ed in. the phase evaluation block by the tirns span 
between the zero crossings of the two signals at the inputs 
5 of the phase evaluation block being detected and being 
converted into a corresponding phase diffierence. A 
corresponding eorirection value is output at the output of 
the phase evaluation block. A phase correction block is 
therefore driven in the digital filter 6 and precisely 
10 compensates for the phase diftsrsnce &!p. The limiting 
5.mplif iers 10/ 11 in the process improve the accuracy of 
the detection of the aero crossings. 

The calibraticr. opevacing mode is activated a single time 
15 %v'hen the enera\- r -^ns'v.rption meter arr-angement is produced. 

The prwpocx5v,;d p;;i,:-oiple provides autoo^aclc phase correction 
for integrated energy consumptiov: ir^ecer arrangertents Vvinicn 
xs completely integrated. The proposed energy consun^ption 

20 nieter arrangerier/; is also cr^ara.;: er: ;re .S by a lev; 
calibration r. Uvo- and loic coirvs d\: ; r. no. pr^.■. -iMru,: on , Tn 
'^ddiricn, DC i soli".-: ior; of at leas: cr_e ".'^lann^/;. -i.ff ;::.as:ble 
at the input of ivhe energy cor;i.^u;.Tipt ion Tnev.er arrangeii^ent , 
without measursment errors resulting. The DC isolation is 

25 particuli^r ■ y s'igaif icaruv when more than one channel ia^ 
raeasured,, as is conventional in the case of electrical 
energy consuiiTption meters . 

In particular, it is possible co con-;pensate. ror phase 
30 shift which is unavoidably caused by transformers. In this 
. -^-v , 'u .'a, ' 1..'^. ;1 (^xte-Urti ^T^-x -u s t .t, 'h ^.c r v -i- ~. " - 
capacicance networks are required for phase correction 

purposes . 

35 Ov;ing CO Che nonvolatile memory 17, the phase cerrection 
value is also still available vdien the enex-gy consumption 
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Since the deter^ninaticri of the phase differer 
principle possible within one period, psrticuis 
calibration can be carried out using the 
principle , 

""le y ^a&'u «v uation oior^' 9 a^\a.nt^^^ 
*npw.w woiin ctea to f e ^Iock -p 

zero croSto^ii"3 ca- be coant^.^ 
^.ii --nc prase d_f t -e-^ce ca" a^r f r i 
accurate tnanner . 

1*^ eccorda o«* vs-^^-i r ^ DioDosec ^r„ 
r;- s«t. d^f lei (Sine* ft v>-e tv-o 
c -^s^rpr rtft«i s. e 




